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Chapter 6 
Summary 
In this thesis the regulation of the Ets transcription factor Tel is investigated. Tel and its 
Drosophila orthologue Yan belong to the Ets family of transcription factors and they are 
essential genes for development. They are unique transcriptional repressors, characterized 
by a highly conserved Ets DNA binding domain and a SAM domain which is involved in 
protein-protein interactions and in (self)oligomerization. A model has emerged that 
suggests that Tel and Yan repress target genes by binding to DNA as oligomers, thus 
preventing access of transcriptional activators. Their activity is reportedly regulated by 
posttranslational mechanisms, such as phosphorylation and SUMOylation. Furthermore, 
Tel function is supported by the activity of a variety of corepressors. Biologically, the role 
of Yan in development is well described; Yan is a general inhibitor of differentiation in 
Drosophila and is downregulated by MAPK signaling to allow differentiation. In mice, Tel 
is required normal adult hematopoiesis and loss of Tel leads to defects in yolk sac 
abnormalities. Clinically, Tel is very important and is associated with a large number of 
leukemogenic translocations, but its mechanisms of action in these biological processes are 
not well defined.  
Chapter 2 reports a previously unreported mechanism by which sumoylation regulates 
transcription. By mass spectrometry we identified the highly conserved lysine 11 (K11), as 
the major site of sumoylation in Tel. Sumoylation on K11 is stimulated by the SUMO E3 
ligase, PIAS3, which binds via the Ets domain. Sumoylation on oligomeric Tel is relatively 
stable, whereas Sumoylation on monomers is transitory and appears to sensitize monomeric 
Tel for degradation. Sumoylation of Tel is further regulated posttranscriptionally, since 
initiation from an internal methionine M43 yields an isoform of Tel (TelM43) that cannot 
be sumoylated. SUMO was found to negatively regulate repression by Tel since both a 
TelK11R mutant and the naturally occurring TelM43 were stronger repressors of mmp3 
expression than Tel. Correspondingly we found that SUMOylated Tel is inhibited in its 
DNA binding, which places SUMO as a major negative regulator of Tel.   
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Although some of the mechanistic details of the Tel/Yan function have been previously 
investigated, some crucial insights such as control of their protein levels have remained 
elusive.  In Chapter 3 the regulation of Tel and Yan by Fbl6-mediated ubiquitination is 
described.  In yeast 2 hybrid screens using Tel and Yan as baits to identify common 
regulators the F-box protein Fbl6 was found. Binding of both Tel and Yan to Fbl6 was 
confirmed both in vitro and in cells, and was found to require the SAM domain. Moreover, 
both Tel and Yan are ubiquitinated, which was stimulated by Fbl6 and led to their 
proteasomal degradation. Consistent with our results presented in Chapter 2, monomeric 
forms of Tel were found to be particularly sensitive to ubiquitination. Finally, Yan protein 
levels were strongly stabilized in loss of Fbl6 flies, establishing that Fbl6 is an important 
regulator of Yan stability in vivo. 
Chapter 4 uncovers a role for Tel in angiogenesis and delineates the mechanism by which it 
executes this function. Tel was found to be essential for sprouting of primary human 
endothelial cells. To modulate this process, Tel recruits the generic corepressor CtBP to 
effect repression of key target genes that serve to constrain this process, such as dll4, ve-
cadherin and sprouty. Importantly, in response to VEGF signaling Tel is transiently 
inactivated, resulting in dissociation from its corepressor CtBP and a concomitant loss of 
DNA binding. This dissociation allows a pulse of dll4 expression, which subsequently 
serves to inhibit the response to VEGF in neighbouring cells via intercellular Notch 
signaling. Thus, we identify Tel as the previously unknown transcriptional mediator linking 
the major pro angiogenic signals of VEGF to the prime inhibitory pathway of Dll4 
mediated Notch signaling.   
By adopting an evolutionary perspective, the work presented in this thesis has provided 
unique insight into how the transcription factor Tel is regulated. Moreover our work 
provides a first clear mechanism by which Tel regulates a biological process, namely 
angiogenesis. The unveiling of Tel as a key regulator of angiogenesis highlights Tel and its 
associated networks as previously overlooked targets for the development of therapeutic 
strategies to inhibit pathological angiogenesis. 
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